Objectives: Recent health policy changes have focused efforts on reducing emergency department (ED) visits as a way to reduce costs and improve quality of care. This was a systematic review of interventions based outside the ED aimed at reducing ED use.
G rowing health care costs in the United States have made patients, providers, and payers examine the value of services delivered. 1 Concepts such as accountable care organizations and medical homes are gaining momentum with the goal of limiting avoidable, redundant, ineffective, or harmful treatments in favor of expanding effective care, access to care, and care coordination.
Many programs aimed at improving efficiency focus on the use of hospital-based emergency departments (ED) for care. EDs care for critically ill patients and acute unscheduled conditions and serve as a safety net for those with limited access to health care due to insurance status, the timely availability of clinic-based physicians, and the need for care outside of traditional business hours. 2 The focus on the ED as a place to improve efficiency stems from observations that ED care for low-acuity conditions results in higher charges than for similar diagnoses seen in other settings. 3 In addition, an ED visit may be a marker of a potentially avoidable injury or illness that could have been prevented with better primary care, patient education, or enhanced public health measures.
Studies have examined the effect of interventions to reduce ED use that are performed outside the ED, such as patient education, improved clinic access, care coordination, patient-centered care, and others. While EDbased interventions also exist, they are fundamentally different because of their location and their focus (e.g., follow-up vs. prevention). Our group recently conducted a systematic review of ED-based care coordination interventions. 4 Therefore, this review focuses specifically on interventions based outside of the ED looking at systems-level changes, rather than ED-specific changes. Prior reviews of aggregated non-ED interventions have either focused only on one type of intervention or excluded some subsets of visits such as pediatric patients or categories of intervention such as prehospital diversion. [5] [6] [7] To our knowledge, there has been no broad-based inclusive review of the comparative effectiveness of the myriad interventions tested to reduce ED use. The goal of this investigation was to review the evidence on the effectiveness of interventions based outside of the ED aimed at reducing ED use and, ultimately, to explore themes about which interventions may be most effective, along with any undesired consequences.
METHODS

Study Design
We systematically reviewed the literature on the effectiveness of non-ED interventions aimed at reducing ED use. Non-ED interventions were defined as those implemented outside of an ED or hospital (e.g., insurancebased, outpatient clinic-based). No human subjects or medical records were reviewed as a part of this study so institutional review board approval was not required.
The databases MEDLINE, Cochrane, OAIster, and Scopus were examined from 1966 to the present. Keywords used included emergency department, emergency medical services, utilization, demand, patient education, primary care, capacity, extended hours, advanced access, telephone triage, general practitioner, care coordination, copayment, and payment reform (MEDLINE search terms in Appendix A). Searches were limited to English language publications. Because of the variety in the interventions and outcome measurements in the results, we performed a qualitative rather than quantitative systematic review.
Data Collection and Processing
Two independent reviewers (MA, SRM) screened search results and excluded those with titles that did not fit inclusion criteria (next section). The two reviewers then screened the abstracts of the remaining citations, again excluding those that did not fit inclusion criteria. The remaining articles underwent full-text review to exclude any remaining studies that did not fit inclusion criteria. Intrarater reliability was measured with a 10% sample of citations, resulting in a kappa of 0.92. Each article with conflicting opinion from reviewers was discussed with a third reviewer (JMP) for a final resolution.
The following data were abstracted from all eligible studies: type of intervention, study design, population, details of intervention, effect on ED use, effect on non-ED health care use, and other health and financial outcomes. Reviewers used a standard format to abstract data; this format mirrors the categories in the tables presented here. We attempted to standardize results across studies. In studies with data available for absolute number of ED visits before and after the intervention was implemented (as opposed to, for example, number of visits per person, etc.), we calculated a percentage reduction of ED visits. When visit numbers were reported, the difference between number of visits before and after the intervention was divided by the number of ED visits prior to intervention to standardize the comparison of study results.
We followed guidelines created in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement to create a four-phase flow diagram (Data Supplement S1, available as supporting information in the online version of this paper) showing the number of records included and excluded at each phase. 8 
Inclusion and Exclusion Criteria
Studies were included if they had interventions administered outside of the ED, had a comparison group where ED use was an outcome, and were in English. While studies in other languages were excluded, studies were included regardless of country and health care system if published in English. Five categories of interventions were included: 1) patient education on medical conditions and appropriate medical care use for low-acuity conditions, 2) creation of additional capacity in non-ED settings (e.g., expanded hours or same-day access), 3) managed care (e.g., primary care physician capitation or gatekeeping), 4) prehospital diversion, and 5) patient financial incentives (e.g., copayments or deductibles). Two other interventions, telephone triage and case management, were initially searched for but because recent systematic reviews have compiled the results of those topics; these were excluded. 5, 6 Studies with ED-based interventions were excluded, as were studies without measurable objective outcomes. Studies with outcomes assessed through patient or provider subjective surveys were also excluded.
Quality Assessment
Quality assessment was done using the portion of the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) criteria aimed at assessing the risk of bias in individual articles. 9 Because of the heterogeneity in study designs, other components of the GRADE criteria, including the formal overall evaluation of the body of literature, were not used. Additionally, studies with risk-adjusted results and where significance was measured are reported.
RESULTS
Literature Search
The search yielded 793 titles. After removing duplicates and exclusions based on title or abstract, 62 studies remained and underwent full-text review (Data Supplement S1). An additional 19 references were identified and also underwent full-text review, which resulted in a total number of included studies of 39 that ranged from publication dates of 1986 to 2011. The number of included studies per category is as follows: patient education on medical conditions and health care use, five studies [10] [11] [12] [13] [14] ; creation of additional non-ED capacity, 10 studies [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] ; prehospital diversion of low-acuity patients, two studies 25, 26 ; managed care, 12 studies [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] ; and patient financial incentives, 10 studies.
39-47
Description of Included Studies Patient Education on Medical Conditions Health Care Use. Two out of five studies found significant reductions in the use of the ED after interventions, with reductions ranging from 21% to 80% (Table 1) . [10] [11] [12] [13] [14] All studies were based in the United States. Interventions included use of booklets or in-person educational sessions. Both pediatric and adult patients are included. Three studies reported data on non-ED use with one finding 0.03 fewer clinic visits per person. [10] [11] [12] Three articles reported health outcomes and no significant adverse events were noted. [11] [12] [13] No studies reported risk-adjusted data.
Capacity Increase in Non-ED Settings. Of 10 studies, three examined interventions that expanded capacity through new community clinics, while the remainder involved existing physician practices expanding appointments and/or hours of care. Four studies found significant decreases in the use of the ED after increases in non-ED capacity, with reductions ranging from 9% to 54%, while five were nonsignificant and one found an increase of 21% (Table 2) . [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Four studies were based in the United States and the remaining six in Canada or Europe. Regarding effect on non-ED use, five studies reported data with four showing increases in non-ED use ranging from 1% to 102%. 16, 17, [20] [21] [22] [23] Of these, one article reported that while there was an increase in primary care use, there was a concurrent decrease in urgent care use. 20 Two articles reported health outcomes. 20, 21 Three studies reported cost data showing 10% to 20% savings with the intervention. 15, 18, 20 Two studies risk-adjusted data.
20,21
Prehospital Diversion of Low-acuity Patients. Both studies examining the effects of emergency medical services (EMS) diversion of low-acuity patients away from the ED found significant decreases in the use of the ED after interventions, with reductions ranging from 3% to 7% (Table 3) . 25, 26 One study was conducted in the United States, and the other, in the United Kingdom. One intervention involved EMS offering either home or clinic care to low-acuity patients. 25 The other involved transportation of such patients to clinic care without home care as an option. 26 Regarding effect on non-ED use, both studies found increases in use of other care settings. No studies directly addressed other health or cost outcomes. No data were risk adjusted.
Managed Care. Of the 12 studies examining the effects of managed care on ED use, six had interventions with capitated payment of primary care physician, five had a requirement of primary care physician approval or gatekeeping, and one was a hybrid of these two (Table 4) . [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Ten studies were based in the United States, one in Canada, and one in Ireland. The majority of U.S. studies were in Medicaid populations and included pediatric patients. Overall, nine studies (six with capitation and four with gatekeeping as interventions) found significant decreases in the use of the ED after managed care interventions, with reductions ranging from 1% to 46%, while two did not find any significant difference. [27] [28] [29] [30] [31] [33] [34] [35] [36] [37] [38] The final study found mixed results with no change in ED use when comparing physicians pre-and postcapitation, but with an increase in ED use among physicians compensated through capitation versus fee-for-service. 32 Regarding the effect on non-ED use, six studies did report data, with only four reporting significance and mixed results. 28, 30, 32, 35, 37, 38 Six articles included health outcome data, five in the form of effect on hospitalizations and one on morbidity indices; results were mixed and did not always assess for significance. 27, 30, 32, 34, 37, 38 Two studies reported cost data with both showing decreases with capitation. 28, 30 No studies reported riskadjusted data.
Patient Financial Incentives. Of the 10 studies using costs to influence patients to use certain sites for care, or to use care efficiently, nine studies found significant decreases in the use of the ED after implementation of the intervention, with reductions ranging from 3% to 50% (Table 5) . [39] [40] [41] [42] [43] [44] [45] [46] [47] The remaining study found a significant relative increase of 34% in ED visits. 48 All studies took place in the United States. The intervention in seven studies was the requirement for patient copayment or coinsurance, and in three it was the implementation of a high deductible. Half of the studies were in Medicaid populatons, with the majority of those singlestate interventions, while the others involved commercial insurers.
Regarding effect on non-ED use, two studies did report data with one showing no change in urgent care, pediatric office, adult office, and ambulatory care visits, but one showed an increase in hospital outpatient department use. 42, 43 Six studies reported health outcomes in the form of ED visits resulting in hospitalization, which decreased or were unchanged. [39] [40] [41] [42] 44, 47 Of these six, two also reported effects on morbidity, one showing no change and one showing a decrease. 39, 42 Three studies reported cost data with mixed results. [43] [44] [45] Five studies risk-adjusted data. 39, 42, 45, 46, 48 Quality Assessment Quality assessment for risk of bias in individual articles can be found in Table 6 and Data Supplement S2 (available as supporting information in the online version of this paper). All 34 observational studies were of very low quality according to GRADE guidelines, in which observational studies are at best low quality and any serious risk of bias lowers the quality to very low. Four of the randomized trials were of moderate quality and one of low quality.
DISCUSSION
In 2003, Asplin et al. 2 identified input, throughput, and output factors associated with crowding in the ED. In this paper, we explore primarily the effect of how systems outside the ED can influence demand for ED care and focused entirely on "input." This expands on previous work where we conducted a systematic review of care coordination within the ED. 4 With respect to non-ED interventions, we found there have been many studies exploring non-ED interventions to reduce ED use in various populations across more than two decades with mixed evidence. Over two-thirds (27 of 39, 69%) of the identified studies in the five categories of intervention included showed reductions in ED use, with reductions ranging from 1% to 80%. Nearly all of the studies were observational, many coinciding with systemic changes within the region, and only five out of the 39 were randomized trials. Only seven of 39 studies (17.9%) reported risk-adjusted data.
The areas with the largest number of studies showing reductions in ED use include patient financial incentives and managed care interventions, with nine of 10 (90%) and 10 of 12 (83%) of those studies showing reductions, respectively. By contrast, less than half (four of 10) of the studies on increasing capacity found reductions in ED use, and one even found an increase, suggesting that adding capacity could potentially have the opposite effect. This may be due to issues with supply-induced demand. Findings on capacity should be interpreted carefully, however, as the majority of articles on this topic are international, and several take place in singlepayer health care systems. The area showing the largest magnitude of reduction is patient education, with a maximum of an 80% reduction in one study.
We hope to build on the growing body of literature that addresses the overall aim to reduce ED use. Prior reviews exist on two topics not included here, telephone triage and case management. For telephone triage, a Cochrane review of nine studies included seven studies that examined the effect on ED use. 5 Of these, six showed no difference, and one showed an increase in 6 The results were mixed, with the majority of observational trials showing reductions in ED use, but one showing an increase, and only one out of three randomized trials showing a reduction.
More recently, Flores-Mateo et al. 7 examined interventions that increased the supply of non-ED services and those that reduced demand. Similar to our findings, the authors concluded that increasing the supply of primary care physicians and cost sharing with patients were effective in reducing ED use, but increased out-ofhours primary care was not. However, there were differences in our methods, especially inclusion criteria. We included different types of studies, specifically pediatric studies, physician capitation, advanced access scheduling, and prehospital diversion and excluded ED-based studies, telephone triage, those with survey data, and those without controls. As a result, the authors of the prior review found that educational interventions did not appear to reduce ED use, while we found the opposite.
We also reviewed the articles for the effect on utilization of other health care settings. About half of the articles reported this data, although the results were presented in different ways (primary care visits, urgent care visits, specialist visits, etc.) and varied significantly by category. Two of five (40%) of the education studies that examined non-ED use found decreases in use, while the others found no significant effect, suggesting that perhaps education may reduce use in general, rather than the possibility of induced demand by adding capacity. Both of the studies on prehospital diversion and five of 10 (50%) of those on capacity increases found increases in non-ED use, which may represent a type of substitution effect in which patients do not reduce their overall consumption of health care, but instead shift it to other settings. Again, many of these studies took place in single-payer systems where patients may have more access to primary care settings, whereas in the United States, access could limit this shift. Only two of 10 (20%) studies on patient financial incentives examined non-ED use, and these showed reductions. Often, though, copayments were implemented both inside and outside the ED, so it is difficult to tease apart direct and indirect effects on ED use. Interventions involving managed care showed mixed results with some increasing and some decreasing non-ED use.
Seventeen of the 29 studies (43.5%) reported adverse events, and the outcomes used varied widely, although no significant adverse events were attributed to interventions. The health outcome that was generally measured was hospitalization, and this is really a secondary outcome, with morbidity and mortality being the primary health outcome of interest. Similarly, only eight of the 39 articles (20.5%) reported any cost data, which was both limited and mixed. Some of the interventions may have ethical questions. For one, those with financial implications for patients may result in patients avoiding needed care and could result in worse health outcomes, and in the long run, possibly increased costs to the health care system. Another example is systems designed with physician or nurse gatekeepers who take away the patient's autonomy by dictating whether insurance will cover an ED visit. Our findings, taken along with prior reviews, are promising that non-ED interventions designed to reduce ED visits may be successful; however, it is clear that more study is needed to understand the most effective ways to reduce ED use. When organizations decide that reducing ED visits is a priority, the choice must be made which interventions should be implemented. We think that the choice should be made based on organization priorities and considering the profile of pros and cons for each intervention. For example, education is simple, can be inexpensive, and has an added benefit of improving health literacy; however, it is difficult to standardize. On the other hand, managed care and patient financial incentives are powerful tools but may have unintended consequences, like deferring needed care or limiting patient choice. In addition, adding capacity may have the opposite effect as desired. However, we can conclude that reducing ED use will require broad, organizational changes. Change could include a careful multilayered approach integrating several interventions along with a feedback mechanism to monitor outcomes and adverse events.
Future research should attempt to delineate the balance of intended and unintended effects of these interventions. Across all categories, more exploration of the effect on health outcomes and costs would be beneficial. Regarding education, researchers should consider further study of specific educational materials, from booklet to in-person teaching, or even technology-based solutions. EMS diversion has such limited data that any deeper examination of this area would add to our knowledge, especially focusing on the safety and accuracy of EMS assessments. Most of the managed care studies are observations of large-scale systemic changes over several years. More randomized controlled trials are needed across all categories to reduce confounding and improve the generalizability of results.
LIMITATIONS
Many of the studies reported were observational with the potential for confounders, and few studies reported risk-adjusted data. In addition, some of the payment reform interventions were part of a bundle of changes, and it was impossible to unwind which specific intervention (or just the combination) was responsible for the changes in utilization. Many studies were similarly restricted to a single site, which reduces the generalizability to other settings.
Our primary audience was EDs in English-speaking parts of the world; therefore, we included only studies published in English. As a result, this study may miss important findings from non-English studies. Also, eight of the 39 studies were based in Canada or Europe, while the rest were in the United States, and differences in health care systems, in particular the presence of single payer versus multipayer systems, may affect outcomes.
There was also variability in the interventions administered as well as the outcomes reported. For example, some studies reported total ED visits whereas others reported ED visits per user. This made comparison between the studies difficult and limits the ability to draw robust conclusions from the findings of the review.
CONCLUSIONS
We found that about two-thirds of the studied interventions showed reductions in ED use. Future studies should attempt to reduce confounding through robust design (i.e., randomization) and should measure unintended consequences of increased demand for other types of health care services, health outcomes, and financial effects. 
